Abstract. Interaction of MUC1 with ß-catenin plays a significant role in tumor progression and invasion. However, the clinical significance of coexpression of MUC1 and subcellular ß-catenin expression in colorectal carcinoma remains unclear. The present study evaluated the clinicopathological significance of their combined expression for predicting prognosis. Seventy-seven colorectal carcinomas were subjected to immunohistochemical staining with anti-MUC1 KL-6 mucin and anti-ß-catenin monoclonal antibody. Positive KL-6 mucin expression was correlated with decreased membranous ß-catenin expression (P=0.022), while no correlation was found between positive KL-6 expression and nuclear ß-catenin expression (P=0.142). Preservation of membranous ß-catenin expression was detected in 35 cases (45.5%) and decreased membranous ß-catenin expression was found in 42 cases (54.5%). Negative KL-6 expression was detected in 31 cases (41.3%) and positive expression was seen in 46 cases (59.7%). Combined positive KL-6 expression and decreased membranous ß-catenin expression was found in 30 patients (39.0%), whose survival was significantly worse than that of patients with other expression patterns for these two molecules (53.3 vs. 84.4%, P=0.005). Multivariate analysis showed that this combination was as an independent predictor of survival. We concluded that the combined pattern of positive KL-6 expression and decreased membranous ß-catenin expression by colorectal carcinoma is a useful biomarker for distinguishing a subgroup of patients with a worse prognosis.
Introduction
ß-Catenin is a central component of the Wnt/ß-catenin signaling pathway, which has an important role in the development of colorectal carcinoma (1) . ß-Catenin was initially identified as a component of the adherens junction that is associated with E-cadherin, a cell-surface adhesion molecule and the connection between these two proteins is essential for strong cell-to-cell adhesion (2) . Cytosolic ß-catenin is strictly regulated by ubiquitination-dependant proteolysis in a destruction complex comprising glycogen synthase kinase 3ß (GSK3ß), axin and the adenomatous polyposis coli gene (APC) (1) . The APC gene is frequently inactivated in patients with familial adenomatous polyposis (FAP) and sporadic colorectal carcinoma by loss of heterozygosity (LOH) or truncation mutations (3) . Inactivation of APC is regarded as a crucial instigator of the pathogenesis of colorectal carcinoma (4) , which results in the abrogation of ß-catenin phosphorylation and stabilization in the cytoplasm. An increase of cytoplasmic ß-catenin results in translocation into the nucleus, where it forms a complex with T-cell factor (TCF) or lymphocyte-enhancing factor-1 (LEF) and serves as a transcriptional co-activator that enhances the activity of downstream oncogenes, including c-myc (5) and cyclin D1 (6) .
The pivotal functions of ß-catenin are related to the cell membrane and the nucleus. Previous reports have indicated that the subcellular distribution of ß-catenin is regulated by MUC1 overexpression (7) (8) (9) (10) (11) . MUC1 is a well characterized transmembrane mucin that is expressed by secretory or polarized epithelium lining the luminal surface of the gastrointestinal, respiratory and reproductive tracts (12) . MUC1 contains a large extracellular domain, a transmembrane domain and a cytoplasmic tail (CT), which harbors a serine rich motif that shows homology to sequences of E-cadherin and APC protein and functions as binding site for ß-catenin (13 (14, 15) . Overexpression of MUC1 has two effects on the subcellular distribution of ß-catenin. First, MUC1 competitively blocks the binding of ß-catenin to E-cadherin, so that ß-catenin is recruited from the membrane adherent complex to the cytosol (9, 11) . Second, MUC1 blocks the phosphorylation and degradation of ß-catenin mediated by GSK3ß, which is involved in the cytosolic stabilization and nuclear translocation of ß-catenin (7, 8) .
Although in vitro experiments have suggested that interaction between MUC1 and ß-catenin affects the intracellular distribution of ß-catenin and may be an important factor for cancer promotion and progression, the clinical significance of the coexpression of MUC1 and ß-catenin is not yet clear. In the present study, an immunohistochemical analysis of the expression of MUC1 (using KL-6 monoclonal antibody) and the subcellular expression of ß-catenin was performed in colorectal carcinoma tissues. As a result, the clinical significance of combined expression of these molecules for predicting the prognosis of colorectal carcinoma was revealed.
Materials and methods
Study population. A total of 77 consecutive patients with colorectal carcinoma, who underwent radical resection at the Department of Surgery, Graduate School of Medicine, The University of Tokyo, between January 1991 and December 1992 were studied. This group comprised 51 men and 26 women aged 64.9±11.9 years (mean ± SD). All tumor specimens were classified according to the Japanese Classification of Colorectal Carcinoma produced by the Japanese Society for Cancer of the Colon and Rectum (16) . The TNM system developed by the International Union Against Cancer was used for tumor staging (17) . After clinicopathological analysis of the depth of invasion, patients were divided into two groups, which were a group with m, sm, or mp tumors and another group with ss, se, or si tumors (18) .
Immunohistochemical staining. Paraffin-embedded tumor blocks were cut into 4-μm thick sections and used to detect KL-6 and ß-catenin expression separately. Slides were deparaffinized in xylene and rehydrated through a graded ethanol series. Endogenous peroxidase activity was blocked by incubation with 0.3% hydrogen peroxide/methanol for 30 min. For antigen retrieval, sections were subjected to microwave heating twice for 10 min each in 10 mM sodium citrate buffer (pH 6.0) (19) . After blocking with goat serum for 30 min, the sections were incubated with KL-6 monoclonal antibody (1:200 dilution; Eisai, Tokyo, Japan) for 60 min at room temperature, or with anti-ß-catenin monoclonal antibody (1:200 dilution; BD Transduction Laboratories, Lexington, KY, USA) overnight at 4˚C. Then the sections were incubated with a biotinylated secondary antibody for 60 min and reaction products were detected by the steptavidin-biotinperoxidase complex method according to the manufacturer's instruction (Histofine SAB-PO kit, Nichirei, Tokyo, Japan). DAB was used as a chromogen and hematoxylin was used for counterstaining.
Evaluation of KL-6 and ß-catenin staining. Expression of KL-6 and ß-catenin in 10 random microscopic fields (or in the whole section if the slide contained <10 fields) was observed and recorded. KL-6 expression was evaluated, as described previously (20) . Briefly, positive staining was recorded as brown granules in subcellular structures such as the luminal surface, cell membrane and cytoplasm. ß-Catenin expression in adjacent normal colorectal epithelium served as the internal control. To grade membranous ß-catenin expression, tumor tissues in which >70% of the cells displayed membrane expression were defined as having preserved membranous ß-catenin expression (18) . In the case of nuclear ß-catenin expression, nuclear staining of >50% of the cells was defined as high nuclear ß-catenin expression and nuclear staining of <50% of the cells was considered to be low nuclear expression (21) .
Statistical analysis. Statview 5.0J statistical software (Abacus Concepts, Berkeley, CA, USA) was used for statistical analysis. The χ 2 -test was employed to evaluate the relationship between KL-6/ß-catenin expression and clinicpathological features. Univariate survival analysis was performed according to the Kaplan-Meier product limit method and multivariate analysis was done according to the Cox proportional hazards model. In all analyses, a P-value of <0.05 was considered statistically significant.
Results

Subcellular ß-catenin expression and relationship with clinicopathological features.
All of the cells in normal colorectal epithelium showed strong membranous expression of ß-catenin in the intercellular space, while nuclear staining was negative (Fig. 1A) . In cancer tissues, there were various levels of ß-catenin staining in the cytoplasm and statistical analysis showed that high cytoplasmic expression of ß-catenin was related to the depth of tumor invasion (data not shown). As described above, cytoplasmic ß-catenin is not functional, while the important functions of ß-catenin are related to the cell membrane and nucleus. Therefore, we focused our analysis on these two subcellular regions. Membranous ß-catenin expression was preserved in 35 cancers (45.5%) (Fig. 1C) , while it was decreased in 42 cancers (54.5%) (Fig. 1E ). Decreased membranous ß-catenin expression was found to be significantly related to venous invasion (P=0.031, Table I ). Low nuclear ß-catenin expression was detected in 32 cancers (41.6%), while high nuclear expression was seen in 45 cancers (58.4%). However, statistical evaluation of nuclear ß-catenin expression did not reveal any significant differences in relation to the various clinicopathological features (Table I) .
KL-6 expression and relationship with clinicopathological features.
Normal colorectal epithelium cells showed no staining for KL-6 (Fig. 1B) . Among 77 colorectal cancers, 43 tumors (55.8%) were stained with KL-6. There were two distinct subcellular patterns of KL-6 expression by cancer tissue. The first was brown staining of the luminal surface of the glands (Fig. 1D ). Since our previous study showed that this KL-6 pattern contributes little to the invasive potential of colon cancer and is easily removed by xylitol treatment (20, 22) , the KL-6 mucin detected in this manner may be weakly attached to the luminal cell surface. It was thus considered to represent extracellular staining and was included with the negative group. The second pattern was brown cytoplasmic staining and/or circumferential cell membrane staining (Fig. 1F) , which was defined as positive KL-6 expression. Negative expression was detected in 31 cancers (41.3%), while positive expression was found in 46 cancers (59.7%). As summarized in Table I , positive KL-6 expression was significantly related to the depth of tumor invasion, the presence of lymphatic or venous invasion, the presence of lymph node metastasis and a higher TNM stage.
Correlation of KL-6 expression and subcellular ß-catenin expression. We analyzed the relationship between KL-6 expression and membranous or nuclear expression of ß-catenin. As shown in Table II , there was a significant correlation between positive KL-6 expression and decreased membranous ß-catenin expression (P=0.022). However, KL-6 expression was not correlated with nuclear ß-catenin expression (P=0.142).
Survival. Two patients were excluded from the analysis of survival because their deaths were not related to cancer. Using the Kaplan-Meier method, survival analysis was performed Table I . Relationship between KL-6/ß-catenin expression and clinicopathological parameters in colorectal carcinoma patients.
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a m, invasion of mucosa; sm, invasion of submucosa; mp, invasion of muscularis propria; ss, invasion of subserosa or subadventitia; se, invasion of serosa or adventitia and si, invasion of adjacent structures. Table II . Correlation between KL-6 and ß-catenin expression in colorectal carcinoma patients.
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to investigate the potential prognostic impact of ß-catenin and KL-6 expression by colorectal carcinoma. Both decreased membrane expression of ß-catenin and positive KL-6 expression were related to a worse prognosis and the associations were statistically significant (P=0.044, Fig. 2A , and P=0.032, Fig. 2B, respectively) . In contrast, there was no significant difference of survival between low and high nuclear ß-catenin expression (data not shown). Because KL-6 positivity was correlated with decreased membranous ß-catenin expression, we further analyzed the impact of combined expression on survival. This assessment revealed that the survival of patients with both negative KL-6 expression and preserved membranous ß-catenin expression was better than that of patients with either positive KL-6 expression or decreased membranous ß-catenin expression. On the other hand, patients with both positive KL-6 expression and decreased membranous ß-catenin expression had the worst survival (Fig. 2C ). There was a trend for patients with combined positive KL-6 expression and reduced membranous ß-catenin expression to display the worst prognosis. We compared survival between patients with this pattern of expression and patients with any other pattern and found a significant difference between these two groups (P=0.005, Fig. 2D ).
Univariate and multivariate analyses. Univariate analysis showed that lymphatic invasion, lymph node metastasis, TNM stage, KL-6 expression, membranous ß-catenin expression and the combination of positive KL-6 expression and reduced membranous ß-catenin expressions were factors with a significant impact on overall survival (Table III) . When multivariate analysis was done according to the Cox hazard model, the TNM stage was excluded because it incorporates the clinicopathological factor of lymph node metastasis (23) . Neither positive KL-6 expression nor decreased membranous ß-catenin expression was a significant prognostic factor when assessed separately (data not shown). However, when their combined expression was analyzed, it was significantly related to a worse prognosis (P=0.008) and the risk ratio was 3.45.
Discussion
The major roles of ß-catenin are related to cell adhesion and the Wnt signal transduction pathway. The complex formed by Table III . Univariate analysis of the survival of colorectal carcinoma patients. ----------------------------------------------------------------------------------------------------- ß-catenin and E-cadherin is important for cell-cell adhesion and breakdown of the E-cadherin/ß-catenin complex results in loss of the 'invasion suppressor system.' Thus, decreased expression of ß-catenin has been observed in many tumors (24) (25) (26) . In patients with colorectal carcinoma, decreased or absent membrane expression of ß-catenin has been reported to play a key role in tumor progression and metastasis (27, 28) . The present study also revealed a significant relation of such expression to a worse prognosis. The survival rate was 85.3% for patients with preserved membranous ß-catenin expression vs. only 61.0% for those with decreased ß-catenin expression ( Fig. 2A) . This result is consistent with the conclusion that primary colorectal carcinoma with a decreased level of membrane ß-catenin expression is associated with a lower overall survival rate (27, 28) . Nuclear ß-catenin expression is frequently detected in colorectal carcinoma (29) (30) (31) , but its significance as a prognostic indicator is still controversial. Wong et al (29) reported that a higher nuclear ß-catenin staining score was related to the presence of lymph node metastasis and a poor prognosis, while Horkko et al (30) and Gunther et al (31) did not find any relationship between nuclear ß-catenin staining and the prognosis. The present study also found no relationship between nuclear ß-catenin expression and either clinopathological features (Table I) or the prognosis (Table III) . This suggests that nuclear ß-catenin-TCF/LEF signaling may be crucial for the early stage of malignant transformation, while its contribution to the development and invasion of colorectal carcinoma is limited (31) .
The epitope recognized by KL-6 monoclonal antibody is MUC1, a mucin-bearing sialylated carbohydrate (32) . In normal colorectal tissue, there was no expression of KL-6 mucin (Fig. 1B) , while colorectal carcinoma tissue showed positive expression in the cytoplasm and/or circumferential membrane expression (Fig. 1F) , which represented the aberrant pattern of MUC1 expression. It has been proposed that aberrant MUC1 expression has an anti-adhesive effect by interfering with cell-to-cell interaction, thereby facilitating detachment of tumor cells from the primary lesion (22, 33) . In the present study, KL-6 expression was found to be significantly related to several clinicopathological features that reflect tumor progression and invasion, such as the depth of invasion, presence of lymphatic and venous invasion, presence of lymph node metastasis and higher TNM stage ( Table I ), indicating that tumors with KL-6 expression were more likely to show deeper invasion, metastasize to lymph nodes and progress to a more advanced stage.
Interference with cell-to-cell adhesion is mediated by the long extracellular domain of MUC1 through a process of steric hindrance (33) . In recent years, several in vitro experiments have confirmed that overexpression of MUC1 also modulates the intracellular distribution and signal transduction of ß-catenin (7) (8) (9) (10) (11) , suggesting that an interaction between MUC1 and ß-catenin might influence tumor progression. However, the present clinical study found no correlation between KL-6 expression and nuclear ß-catenin expression (Table II) . In contrast, there was a significant correlation between aberrant KL-6 expression and decreased membranous ß-catenin expression (Table II) , indicating that KL-6 might mainly modulate the function of ß-catenin at the adherens junction. Schroeder et al (11) detected the colocalization of MUC1 and ß-catenin in invading cell membranes, suggesting a novel pathway of ß-catenin-induced tumorigenesis that involved recruitment of ß-catenin away from the adherens complex. Li et al (9) also confirmed that overexpression of MUC1 competitively decreased the binding of ß-catenin to E-cadherin, thus interfering with cell adhesion and having an antiadhensive effect on tumor cells. When the correlation between clinicopathological features and the combination of positive KL-6 expression and decreased membranous ß-catenin was analyzed, this combination was related to deeper tumor invasion, the presence of lymphatic and venous invasion, positive lymph node metastasis and a higher TNM stage (data not shown). Survival analysis showed that patients with both positive KL-6 expression and decreased membranous ß-catenin expression had worse survival than patients with either positive KL-6 expression or decreased membranous ß-catenin expression alone (Fig. 2C) . The overall survival rate of the former group was 53.3%, which was lower than that of the latter group (84.4%, Table III ). These findings suggest that modulation of membranous ß-catenin expression by KL-6 facilitates the progression of cancer and that the synergetic effect of combined expression is related to aggressive invasion. Univariate and multivariate analysis both showed that combined KL-6 expression and decreased membranous ß-catenin expression (rather than the detection of either pattern alone) was an independent predictor of the prognosis. Thus, only this pattern of expression seems to be clinically useful.
In conclusion, immunohistochemical analysis of KL-6 and ß-catenin expression by colorectal cancer showed that positive expression of KL-6 was related to decreased membranous expression of ß-catenin. Combined detection of KL-6 positivity and decreased membranous ß-catenin expression was related to a significantly worse prognosis. This simple method of evaluating the expression of KL-6 and ß-catenin seems to have clinical significance for predicting the prognosis and deciding the optimal treatment plan.
